monalities of dietary fat and fatty acid intakes globally, their associations with major chronic diseases and health conditions, the differences in fat intakes among world regions and Latin American countries, and examples of region-specific approaches to individual dietary change for improved health.
Global Intakes and Requirements for Fat and Fatty Acids
Dietary fat is not only a concentrated source of energy, it carries fat-soluble vitamins and other nutritive substances, provides essential fatty acids and serves physiological functions in the body.
Certain essential polyunsaturated fatty acids (PUFAs) cannot be synthesized by humans or converted from precursors in sufficient amounts to meet nutritional needs and, therefore, must be consumed in the diet [1] . Fatty acids are an integral part of the cell membrane [2] where they are involved in signal transduction [3] . Some PUFAs are precursors for the synthesis of eicosanoids and other lipid mediators [4] that regulate the immune and vascular systems. PUFAs of both the ω-6 (n-6) and ω-3 (n-3) families favorably affect blood lipids and other factors involved in protecting cardiovascular health [5, 6] . Because the effects of these two PUFA families and the individual fatty acids within them differ substantially and may even be contradictory, the consumption of and dietary recommendations for n-6 and n-3 PUFAs are considered separately.
Fat consumption contributes to the most prevalent chronic diseases in the world -cardiovascular disease (CVD), diabetes, overweight and obesity, for example [7] . Recognition that dietary fat quality is more important than the total quantity consumed has encouraged health authorities around the world to examine the amounts and types of fat consumed in their respective countries. Results vary widely by country, with several Western countries having higher than recommended intakes of total fat and most countries in Europe, America, parts of Africa, Asia, Australia and New Zealand consuming more than 10% energy (%E) from saturated fatty acids ( fig. 1 ). These countries are more likely to have PUFA intakes below the range of 6-11% and suboptimal intakes of n-3 PUFAs, especially the long-chain (LC) n-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [8] . The variability in fat and fatty acid intakes in various continents is illustrated in table 1 [9] . e r o o n N i g e r i a T a n z a n i a C a n a d a U S A C o s t a R i c a M e x i c o C h i n a I n d i a J a p a n S o u t h K o r e a T a i w a n A u s t r a l i a N e w Z e a l a n d A u s t r i a B e l g i u m D e n m a r k F i n l a n d F r a n c e G e r m a n y G r e e c e H u n g a r y I t a l y Most trans-fatty acids in foods are formed during the partial hydrogenation of unsaturated fatty acids in the manufacture of solid fats and were later shown to markedly increase the risk of CVD by raising total cholesterol and low-density lipoprotein levels, reducing high-density lipoprotein concentrations and adversely affecting the physical characteristics of cell membranes [10] . Efforts to reduce industrially produced trans-fatty acids from the food supply in the US, European Union and Latin America have made some progress [11, 12] , but intakes remain significantly above recommended maximum levels (1%E) in many lower income countries [13] .
A consistent recommendation to reduce the risk of coronary heart disease by improving the quality of fat consumed is the substitution of saturated fatty acids by PUFAs [14, 15] . A review of prospective cohort studies reported that replacing saturated fats with PUFAs rather than monounsaturates of carbohydrates reduced the risk of coronary deaths by 25% [16] . Similarly, a meta-analysis of randomized controlled trials reported a 10% reduction in the coronary heart disease risk for each 5%E of increased PUFA substituted for saturated fat [17] .
Many national and international health organizations have devised recommendations for fat and fatty acid consumption that facilitate energy balance, meet essential fatty acid requirements and reduce the risk of CVD, while limiting the consumption of potentially detrimental fatty acids. The Food and Agriculture Organization and the World Health Organization published the recommendations of its Expert Consultation on Fats and Fatty Acids for adults, as summarized in table 2 [18] .
Recommendations for the consumption of n-3 PUFAs vary with age, reproductive and health status and the type of n-3 PUFA. There are separate recommendations for pregnant and lactating women [19] , children [18] , and individuals with and without CVD [20] and for n-3 PUFAs from plant and animal sources. Vegetable sources, such as flax seed and oil, walnuts, chia seeds, perilla, canola and soybean oils, contain only α-linolenic acid (ALA). The n-3 LC-PUFAs, mainly EPA and DHA, occur primarily in fish and shellfish, especially in fatty ocean fish. Varying amounts of DHA also occur in egg yolk and lean meat, with levels dependent upon the diet of the animal [21] . ALA has modest effects on cardiovascular health, but cannot substitute for DHA required for brain structure and function. Pregnant and lactating women are advised to consume at least 200 mg of DHA per day because the conversion of ALA to n-3 LC-PUFAs is insufficient to meet the fetus, and infant's need for DHA [19] . A summary of some recommendations for n-3 LC-PUFA intakes is shown in table 3 .
In summary, total fat and fatty acid intakes vary widely by country. Comparatively low fat intakes are found mainly in eastern Asia and some low-income African countries. Many countries following a Western diet con- The number of countries are given in parentheses. SFA = Saturated FA; MUFA = monounsaturated FA. sume more than the recommended amount of saturated fat and less than the recommended levels of PUFAs, especially those of the n-3 family. Most also have high rates of CVD and mortality along with increasing rates of obesity and diabetes. Changes in dietary fat intakes that substitute PUFAs for saturated fatty acids have the potential to reduce CVD mortality significantly. The same holds for increasing the consumption of n-3 LC-PUFAs.
Fat and Fatty Acid Intakes in Latin America and Mexico
High fat intakes contribute to greater total energy consumption and have been associated with a higher risk of CVD and obesity [22] , although some dispute this conclusion [23] . In CVD, it is mainly poor dietary fat quality, especially the consumption of saturated and trans-fat, that affects disease risk [24, 25] . In Latin American countries, noncommunicable diseases account for 69% of deaths, with CVD accounting for 31% of all such deaths [26, 27] . Death rates from CVD are decreasing in a few countries, e.g. Argentina, Brazil and Chile, but increasing in others, e.g. Mexico and Venezuela [27] . Cardiometabolic diseases -hypertension, metabolic syndrome, type 2 diabetes, renal failure and heart failure -have been described as 'epidemic' in Latin America [28] , with abdominal obesity singled out as the most important risk factor. Most Latin American countries have high prevalences of overweight and obesity that are predicted to affect 50% of males and 60% of females by the year 2030, Argentina excepted [29] . It has also been noted that obesity is becoming a disease of the poor, which highlights the social, cultural and economic factors that contribute to it [29, 30] .
Premature mortality from diabetes is also high in several Latin American countries, such as Venezuela and Mexico, but is markedly lower in others, including Argentina and Chile. Such variability in the health status [31] suggests that different approaches to dietary fat consumption will be required for individual countries to reduce their health risks. The question is 'Do current dietary fat recommendations address the main culprits in Latin American diets?'.
The World Health Organization recommends reducing fat intake to 20-35%E to combat CVD, obesity, diabetes and other chronic diseases [18] . This recommendation appears appropriate for Europe and North America where fat intakes had reached 40%E. However, in most Latin American countries, fat intake is less than 30%E ( fig. 2 ) and carbohydrates may supply as much as 66%E [29] .
In Mexico, 40% of adults were classified as overweight and 30% as obese according to the 2006 National Health and Nutrition Survey (ENSANUT) [32] . Consumption of fat is approximately 23%E, with about 10%E coming from 100 saturated fats and <0.5% from trans-fats. However, approximately 44% of adults consume more than 10%E from saturated fat [33] , with excessive intakes greatest among children and adolescents. These fat consumption data compare favorably with the US, where dietary and saturated fat contribute 33 and 11%E, while 33% of adults over the age of 20 are overweight and 35% obese [34, 35] . Consumption of PUFAs by adults is 3% for linoleic acid, with very low intakes of n-3 PUFAs (0.02%), 85% of which come from ALA [33] . For Mexico and other Latin American countries with similar dietary fat patterns, total and trans -fat consumption are within the recommended ranges, but intakes of saturated fat exceed recommended levels, while PUFA intakes, especially those of n-3 PUFAs, are well below recommended amounts. A major dietary concern in Mexico, certain other Latin American countries and elsewhere is the high intake of carbohydrates from sweetened beverages, sugary cereals and industrial snacks, which has been associated with overweight and obesity in Mexican school-age children [36] . Sweetened beverage consumption has also been linked to coronary heart disease [37] , obesity and type 2 diabetes [38] . In the context of CVD, replacement of saturated fats by carbohydrates may be detrimental to blood lipid patterns, insulin resistance and obesity, especially if the replacement carbohydrates are low in fiber and have a high glycemic index [39, 40] . Thus, replacement of saturated fats by polyunsaturated fats remains prudent advice [14, 15] .
In summary, many Latin American countries have high rates of CVD, obesity/overweight and type 2 diabetes. Saturated fat intakes exceed recommended levels in many, but not all, Latin American countries. Total fat consumption is often within the recommended range and trans-fat intakes are low. PUFA intakes are also low, especially for n-3 PUFAs. Current fat recommendations for Western diets may overlook the primary issues in fatty acid intakes in many Latin American countries.
Changing an Individual's Diet to Meet Recommendations while Considering Regional Variations: The Brazilian Example
Noncommunicable diseases accounted for 72% of all deaths in Brazil in 2007, with the toll greatest among the poor [41] . CVD is the leading cause of death. Successful health policies have contributed to reductions in smoking and deaths from CVD and chronic respiratory diseases [41] . However, widespread, unhealthy, lifestyle habits, including smoking and low physical activity, contribute to the suboptimal health status. High prevalence rates were reported for overweight (43%) and obesity (11%), hypercholesterolemia (22%), hypertension (22%) and diabetes (5%), as documented in a national survey in Brazil in 2006 and a study of Brazilian industrial workers in 2009 [42, 43] . Obesity rates increased in Brazil from 1975 to 2009 ( fig. 3 ) , especially among girls [44] , suggesting that obesity among adolescents is a key target for prevention strategies. Like obesity, rates of diabetes and hypertension have increased [41, 45] .
Food consumption patterns in Brazil are changing [46] , with the gap between urban and rural areas disappearing [47] . All regions use rice and beans and regional dietary patterns associated with healthy eating remain important. Nutrient intakes are undergoing transition, with increased consumption of ready-to-eat and processed foods, soda and juices. A higher consumption of highly refined processed foods, sweetened beverages and solid fats plus a decline in the consumption of vegetables and skim milk contribute to the erosion of healthy eating habits and the increase in disease risk factors [48] . Increased consumption of meals and soft drinks away from home was associated with increased risk of overweight and obesity among men but not among women [49] . The high consumption of solid fats also contributes to intakes of saturated and trans -fats in excess of recommended amounts [48] .
Successful strategies to help individuals reach recommended dietary intakes use anthropometric measures, dietary intake assessment and food consumption patterns to determine a person's nutritional status and food behaviors. The primary focus is to meet nutritional needs and prevent or control chronic disease risk factors through 101 guided behavior change. In Brazil, nutritionists successfully use counseling to teach portion control, incorporate recommended food groups and introduce healthful recipes [50] . The counselors include patient and family activities to teach cooking techniques for healthy food preparation, introduce new recipes and stimulate the sensory appreciation of food. They prepare a nutritional intervention plan for each patient that retains the usual macronutrient distribution while increasing the quality and proportion of recommended foods. Using this approach, total %E from fat was reported to remain similar to the pre-intervention period, but the %E from saturated fat is reduced and the level of %E from polyunsaturated fat, linoleic acid and ALA increased. Creating a relaxed and positive environment leads to greater compliance with suggested lifestyle modifications [50] . In summary, overweight and obesity have increased rapidly in Brazil, increasing the risk of hypertension and diabetes. Changing food consumption patterns with increased intakes of sweetened beverages, highly refined foods and solid fats have contributed to unhealthy eating patterns, excessive consumption of energy, saturated and trans-fats and increased the risk of several chronic diseases. Successful strategies for improving nutrient, fat and food intakes have been developed using patient-centered nutrition education, healthy guidelines and group participation in the preparation of healthy recipes.
